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ABSTRACT  Triton X-100-insoluble residues,  or skeletons,  of plasma membrane-rich vesicles obtained 
from  unstimulated  human  platelets  were isolated  by high  speed  centrifugation.  About  10-15% of 
the total surface  iodinatable glycoproteins  lib and III (GPIIb and GPIII, respectively) co-isolated with 
the insoluble fraction. After sonication and centrifugation the solubilized material was further purified 
by affinity  chromatography  on  Lens  culinaris  lectin-Sepharose.  SDS  PAGE analysis  of this  material 
revealed the presence of at least three major proteins, which were shown to be GPIIb, GPIII, and 
membrane actin,  as judged  by their electrophoretic  properties and on the  basis of immunological 
criteria.  Antibodies  directed  against  platelet surface  glycoproteins  and  antibodies  directed  against 
rabbit  actin  were  able  to  immunoprecipitate  all  three  proteins,  which  indicates  that  they  were 
noncovalently associated  with one another. Gel filtration of the Lens lectin-purified  Triton-insoluble 
complex  on  Ultrogel AcA 22  showed that >85% of the total  surface  GPIIb and  III was associated 
with an actin-rich  peak that eluted  in the void volume.  In contrast, the form of GPIIb-III present in 
the Triton-soluble membrane fraction behaved as monomeric species when chromatographed under 
identical  conditions.  Finally,  the GPIIb-III  membrane actin complex  bound with  high efficiency  to 
rabbit f-actin  in vitro  in a Ca++-independent  manner, whereas the monomeric  forms  found  in the 
Triton-soluble  fraction did not bind to actin. These  results  indicate that two forms of GPllb and  III 
exist:  one that binds directly to endogenous membrane actin and one that does not. 
Numerous studies have provided largely indirect evidence for 
transmembrane interactions among surface proteins and re- 
ceptors of cells and an internal membrane matrix composed 
of actin and other cytoskeletal proteins (3,  5,  7,  10,  14,  16, 
17, 19, 23, 25, 27, 31, 35, 40, 45). Indeed, a number of studies 
have shown that the surface topography and lateral mobility 
of receptors can be modulated by the underlying cytoskeleton 
and its associated contractile and motile elements (20, 28, 30, 
31, 36, 37, 39). 
In the erythrocyte membrane, the major membrane glyco- 
protein, band III, interacts directly with ankyrin (2),  which 
links this surface protein to the spectrin-actin submembran- 
ous matrix of this cell type (9,  27),  The molecular basis for 
these interactions is poorly understood in nonerythroid cell 
types, however. One recent report has provided evidence that 
a major glycoprotein present in microvilli isolated from mam- 
mary adenocarcinoma cells is directly associated with actin 
(5,  18). However, the function of this glycoprotein is not yet 
known,  so  to  relate  these  findings  to  receptor  function  is 
impossible  at  present.  We  have  previously  shown  that  a 
molecular complex exists in membranes derived from unstim- 
ulated platelets that consists of actin, glycoproteins lib and III 
(GPIIb  and  GPIII,  respectively),  ~  and  polypeptides  of 
180,000-200,000  (29).  We further demonstrated that these 
proteins  can  be  crosslinked  to  one  another  in  intact  and 
detergent-extracted membranes by protein crosslinking agents 
(29).  In addition,  other work indicates that stimuli such as 
concanavalin A or thrombin can under the appropriate con- 
ditions induce a large increase in the total surface GPIIb and 
III (which bind concanavalin A [24]) recovered in the Triton- 
insoluble cytoskeleton (30,  35).  These results indicated that 
even in the resting platelet membrane, a subfraction of GPIIb 
and III that accounted for -  10 to 15 % of the total was already 
associated with the Triton-insoluble fraction of isolated mem- 
branes. These findings suggested the possibility of selective 
interaction  of a  subpopulation  of GPIIb and  lII with  the 
membrane skeleton and implied that a biochemical difference 
may exist that accounts for the different binding properties of 
the two glycoprotein populations. 
Abbreviations used in this paper." GPIIb, GPIIba, and GPIII, glyco- 
proteins lib, Ilba, and III, respectively; aMM,  a-methyl-o-manno- 
pyranoside. 
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from the Triton-insoluble fraction composed ofGPIIb, GPIII, 
and membrane  actin.  Unlike the GPIIb-III isolated from the 
Triton-soluble fraction, the complex binds with high affinity 
to  f-actin.  We  believe  that  this represents the  first  reported 
isolation  of a  molecular complex  from  a  nonerythroid  cell 
membrane  between a  surface constituent and actin that can 
interact with actin filaments in vitro. Given the large body of 
evidence that indicates that GPIIb-III is the receptor for fibrin 
and  fibrinogen (26,  32,  34),  the  attachment  of this receptor 
system  to  actin  could  directly  couple  a  fibrin  clot  to  the 
contractile apparatus. This physical attachment coupled with 
myosin  light  chain  phosphorylation  (1 l)  and  a  subsequent 
centripetal  actomyosin  contraction  (30)  would  provide  for 
retraction of the fibrin clot. 
MATERIALS  AND  METHODS 
Reagents and Chemicals:  Rabbit  skeletal muscle  actin  was pre- 
pared by the method of Spudich and Watt (4 l).  Rabbit  anti-chick  actin was 
purchased  from Miles-Yeda (Elkhart,  Indiana).  Protein  A-Sepharose 4B was 
obtained from Sigma Chemical Co. (St. Louis, MO). 
Cells:  Human platelets were prepared from fresh human blood obtained 
by venipuncture  from normal human volunteers.  The platelets were isolated 
from platelet-rich plasma by centrifugation and further purified by gel filtration 
on Sepharose 2B (42). Platelets were surface iodinated  with 1251 by the lacto- 
peroxidase  method as previously  described  (31, 32). The labeled cells were 
washed by centrifugation  and resuspended in Tyrode's balanced salt solution 
at a concentration  of 4 x  10S/ml. 
Plasma  Membrane-rich  Fractions:  Platelet  plasma  membrane 
fractions were prepared by the method of Barber and Jamieson (l). 
Monoclonal Antibody  (PMI-1) against  GPllba:  The mouse 
monoclonal  antibody  (PMi-l)  was  prepared  and  thoroughly  characterized 
elsewhere by  Shadle  et  al.  (38) and was  kindly  provided  by  Dr.  Mark  H. 
Ginsberg (Scripps Clinic and Research Foundation,  La Jolla, CA). In brief, this 
monoclonal  antibody was derived from mice immunized with platelet plasma 
membranes and  was selected  on  the  basis  of its  ability  to  inhibit  platelet 
adhesion to collagen. Western blot analysis and immunoprecipitation  studies 
established that the antigenic epitope resided on the glycoprotein IIba (GPIIba) 
subunit. Under conditions where GPIiba was complexed to GPIII, the antibody 
also coprecipitated  this component. This antibody  is an IgG~ class antibody. 
As a control  an irrelevant  mouse monoclonal  of the same subclass was used 
with the ascites dilutions chosen so that total IgG concentration  was identical. 
Protocol  for  Preparing Platelet  Plasma Membrane  Skele- 
tons"  Platelet membranes derived  from t2~l-surface labeled platelets were 
resuspended in 20 mM HEPES, 0.15 M NaCl, l mM EDTA (pH 8) containing 
50 t@/ml leupeptin (Sigma Chemical Co.)-0.01  M phenylmethylsulfonyl fluo- 
ride (Calbiochem-Behring Corp.,  La Jolla, CA) at a protein  concentration  of 
30-50 ~g/ml.  A l:10 volume of 20% Triton  X-100 (Sigma Chemical Co.), 20 
mM HEPES, 0.15 NaCl,  l mM EDTA (pH 8.0) was added and incubated for 
30 min at 37°C. Triton lysates were then centrifuged in a Sorvall SS-34 rotor 
(Sorvall Instruments Div., Dupont Co., Newtown, CT) at 4°C at 45,000 g for 
30 min. 0.5 ml of 20 mM HEPES, 0.15 NaCl,  l mM EDTA, 0.1% Triton X- 
100 (pH 7.4) was added  to the 45,000 g pellet and sonicated for 30 s with a 
sonicator  (Kontes  Glass  Co.,  Vineland,  N  J)  at  a  power  setting  of 6.  This 
suspension was recentrifuged at 4°C as described above. The resulting super- 
natant,  which  contained  >85%  of the total  surface  ~251 label, was used  for 
further purification as described below. 
Affinity  Purification  with  Lentil  Lectin  5epharose 4B:  The 
above supernatant  was incubated  with 5 ml of packed lentil lectin-Sepharose 
4B (Pharmacia,  Uppsala,  Sweden) for 2 h at 4"C. After incubation  the lentil 
lectin-Sepharose  beads were poured  into a  column and washed extensively 
with 0. 1% Triton X- 100, 20 mM HEPES (pH 7.4). The column was then eluted 
with 0.5 M a-methyl-D-mannopyranoside  (a-/~lM) in the same buffer. 
The a-MM elutable materials were pooled and a portion was iodinated with 
~3~I with  the  Enzymobead  Radioiodination  reagent  (Bio-Rad  Laboratories, 
Richmond, CA) according to the recommended procedure of  the manufacturer. 
The  ~3q-labeled material  was  then  applied  to  an  Ultrogel  AcA  22  (LKB 
Instruments,  Inc., Gaithersburg, MD) column equilibrated with l0 mM sodium 
phosphate, 0.1 KCI, l mM EDTA-0, 0.04% Triton X- 100 (pH 7.2). All samples 
were  adjusted  to  the  same  final  Triton  X-100  concentration  (2%) before 
application to the column. 
Immunoprecipitation Assays:  13'l-labeled  material  eluted  from the 
lentil lectin-Sepharose 4B column with a-MM was incubated with either rabbit 
anti-chick  gizzard actin (Miles-Yeda) at a final dilution of 1: I  0 or the equivalent 
dilution  of normal rabbit  serum for l  h at room temperature.  Western blot 
analysis of SDS PAGE of platelet membranes established that this antibody 
stained only the actin band.  Similarly, the radioiodinated  material was incu- 
bated with a mouse monoclonal  antibody,  PMI-I, against GPIIba or with a 
comparable  concentration  of an irrelevant  monoclonal  antibody  as indicated 
in the text. 3 mg of Protein A-Sepharose 4B preswollen with buffer was then 
added and incubated  for l  h at room temperature  and then allowed to settle 
for 15 min at unit gravity. The supernatant  fraction was removed and the beads 
were washed twice with buffer. The washed beads were treated with SDS PAGE 
sample buffer and then analyzed by SDS PAGE gels as described below. 
Actin-binding Assay:  Samples prepared as described in the text were 
incubated  at room temperature  for 30 min with 244 ug/ml of rabbit skeletal 
muscle actin  (final concentration)  under conditions  as described by Cooper 
and  Pollard  (8). The  sedimentable  actin  and  any associated  proteins  were 
isolated by layering of the reaction mixture on a cushion of 30% sucrose in l0 
mM sodium phosphate, 0.1  M KCI, 1 mM EDTA, 0.14% Triton X-100 (pH 
7.2) and centrifuged  in a  Beckman  Airfuge (Beckman  Instruments Inc.) at 
100,000 g for 15 min. After centrifugation, the supernatant  and pellet fractions 
were analyzed by SDS PAGE gel electrophoresis as described below. 
SDS-PAGE Analysis:  One dimensional  8% or 6-15%  linear gradient 
SDS PAGE with slab gels was performed by the method of Laemmli (22) in a 
minigel system (4 l). 
Samples of large volume  were  precipitated  by  the  addition  of an  equal 
volume of 20% trichloroacetic acid for 30 rain at room temperature.  Samples 
were then centrifuged and washed twice with an equal volume of acetone. SDS 
PAGE sample buffer was then added and samples were analyzed as described 
above by SDS PAGE. Slab gels were stained for protein with Coomassie Brilliant 
Blue G-250, dried on a Bio-Rad Slab Gel dryer (Bio-Rad Laboratories), and 
autoradiographed  as previously described (3 l). Relative protein contents of  the 
gels were determined  by densitometry  of the wet Coomassie Blue-stained gels 
or the autoradiograms  as indicated in the text as previously described (31). 
Electroblot Analysis:  Electrophoretic transfer of protein bands from 
SDS PAGE gels to nitrocellulose and subsequent  antibody  staining were per- 
formed as outlined by Towbin et al. (44). Binding of the primary test antibody 
was visualized after  incubation  with  peroxidase-conjugated  goat  anti-rabbit 
IgG (Bio-Rad Laboratories) as described by Hawkes et al. (13). 
FIGURE  1  Extraction  of membranes obtained from  unstimulated 
surface  iodinated  human  platelets with  Triton,  EDTA, Mg,  ATP 
buffer.  Membranes (PM) were treated with Triton-EDTA-Mg-ATP 
buffer and centrifuged as described in the Materials and Methods. 
The resultant pellet (TxP) contained -  10-15% of the total surface- 
iodinatable  GPIIb and III, and the Triton supernatant (TxS)  contained 
the remainder. The Triton-insoluble pellet was subjected to soni- 
cation and  recentrifuged. The supernatant (Son TxP S) contained 
>85%  of  the  material originally  present  in  the  Triton-insoluble 
pellet. This  figure shows 8% acrylamide SDS  PAGE stained with 
Coomassie Blue. 
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Isolation of GPIlb and 111 from the Triton-
insoluble and Triton-soluble Fractions of Platelet
Membranes by Chromatography on Lens Lectin-
Sepharose 4B
Platelet membranes obtained from 10 U offreshly prepared
platelet-rich plasma were extracted with 1% Triton X-100 in
the presence of 5 mM EDTA and 2 MM Mg+2-ATP. The
latter was included to remove myosin from the actin-rich
insoluble fraction . The resulting extract was subjected to
centrifugation (45,000 g, 30 min at 4°C) and the Triton pellet
and supernatants were harvested . The platelets were surface
iodinated with 'ZSI by the lactoperoxidase method (33) before
preparation of the membranes . As shown in Fig. 1, the Triton
pellet fraction is composed of actin, GPIIb and III, and
numerous other components, most notably a doublet of pro-
teins with Ws of 190,000 and 220,000 . The supernatant
fraction on the other hand contains -85% of the total mem-
brane GPIlb and III and 10% of the total actin, as well as
other proteins present in trace amounts. The identification of
GPIIb and III was based on the relative mobilities of these
peptides in SDS under both reduced and nonreduced condi-
tions (6, 33), their lectin binding properties (24), and immu-
nological criteria (see below) .




buffer and subjected to sonication . After this treatment, >85
of the total GPIlb and III initially present in this fraction did
not sediment when the sonicate was recentrifuged as before .
This sonicated fraction together with the Triton soluble frac-
tion was further purified by affinity chromatography on Lens
lectin-Sepharose 4B. In the case of the sonicated Triton pellet
fraction, a fraction that could be subsequently eluted with a-
MM bound to the column. The material eluted with the
lectin-specific saccharide was composed of GPIIb and III, as
expected, and also a major polypeptide of 43,000 mol wt,
which comigrated with actin on SDS PAGE under reduced
conditions (Fig . 2A) . Densitometricanalysis ofthe Coomassie
Blue-stained gels indicated that the three proteins were present
in a molar ratio of 1 :1 :2.8, respectively, if it is assumed that
the three proteins stain equally well with Coomassie Blue per
unit mass.
In contrast, when the Triton-soluble supernatant fraction
was subjected to Lens lectin chromatography, GPIIb and III
and a trace of a surface-iodinatable protein of 135,000 mol
wt were present with onlyminor traces of actin apparent (Fig.
2 B) .
Identification of the 43,000-mol-wt Polypeptide
as Membrane Actin
Immunoprecipitation studies were performed to ascertain
if the 43,000-mol-wt polypeptide, which co-isolated with
FIGURE 2 Affinity chromatography of the superna-
tant of the Triton pellet sonicate (A) and the original
Triton supernatant (B) on Lens culinaris lectin-Sepha-
rose . Preparation of these fractions is described in Fig .
1 . Elution with 0.5 M a-MM in the case of the soni-
cated Triton pellet material (A) resulted in the elution
of GPllb, GPIII, and actin (A) . In contrast, the original
Triton supernatant (SUPN ; TxS of Fig. 1), when sub-
jected to similar purification conditions, yielded a
material that was composed of GPllb, GPIII, and only
small traces of actin . The respective peaks were
pooled as indicated, concentrated 10-15-fold, and
iodinated with "TGPIIb and Ill, was actin. These studies were also designed to 
determine if the specific isolation of each constituent would 
result in the co-isolation of  the other immunologically distinct 
proteins. 
Fig.  3A  shows  that rabbit antibodies that crossreact with 
human  actin,  directed against  chick  actin,  specifically  im- 
munoprecipitated actin and GPIIb-III when incubated with 
the  affinity-purified Triton  pellet  fraction  obtained  as  de- 
scribed in Fig. 2A. In addition, a monoclonal antibody (PMI- 
1  ) directed against GPIIb (38) also caused the co-immunopre- 
cipitation of  these three components. Furthermore, when 1251- 
labeled rabbit actin was added to the Triton-soluble forms of 
GPIIb-III, the respective antibodies immunoprecipitated only 
their respective antigens (data not shown). 
Fig. 3 B shows SDS PAGE analysis of PMI-immunoprecip- 
itates on a 6-15 % gradient gel. Similar results were obtained 
(see Fig.  3) when Triton X-100 (lane 1), deoxycholate (lane 
2), or (3-[(3-cholamidopropyl)-dimethylammonio]  1-propane- 
sulfanate (CHAPS; lane 3) was added to the immunoprecip- 
itation reaction. Three major bands migrating with GPIIba, 
GPIII, and actin were seen on this gel system. Furthermore, 
only a trace of a  20,000-mol-wt protein was  noted that co- 
migrated with the B-subunit of GPII. Western blot analysis of 
the a-MM purified complex indicated that only the 43,000 
band  crossreacted with  anti-actin  (data  not  shown).  These 
results indicate that the 43,000 peptide is immunologically 
related to actin and show further that the two surface glyco- 
proteins  are  physically associated  with  the  43,000-mol-wt 
protein. The latter conclusion is supported by the co-isolation 
of actin with GPIIb-III by affinity chromatography (Fig. 2 A) 
and by our previous finding that these proteins can be cross- 
linked to one another when isolated platelet plasma  mem- 
branes are incubated with protein crosslinking re~igents (29). 
FIGURE 3  (A) Immunoprecipitation of the aMM eluate of the Tri- 
ton pellet with rabbit antiactin (lane 2) or a monoclonal antibody 
(PMI-1) directed against GPIIba (lane 5). Antigen was 1311-labeled 
before the experiment. As a control, normal rabbit serum (lane 3) 
or an irrelevant ascites fluid (lane 6) that contained a comparable 
concentration of IgG was used. Coomassie Blue staining of the gels 
confirmed that equivalent amounts of IgG were immunoprecipi- 
tated.  Lanes  I  and  4  show  the  total  1311-protein label  in  each 
experiment. (B) A  6-15% gradient SDS gel of PMI-1 anti-GPIIba 
immunoprecipitates  (lanes 1-3).  Immunoprecipitation was  per- 
formed in the presence of 0.5% Triton (lane 1  ), deoxycholate  (lane 
2),  or CHAPS (lane  3).  Lane 4  represents  the  irrelevant ascites 
control obtained in the presence of 0.5% CHAPS. Lane 5 represents 
the total starting material used for the immunoprecipitation exper- 
iments. Standards are phosphorylase A (PA), bovine serum albumin 
(BSA), ovalbumin (OA), carbonic anhydrase (CA), soybean trypsin 
inhibitor (SBTI), and oMactalbumin (LA). 
Characterization  of the Complex between Actin 
and GPIIb-III by Gel Filtration  on Ultrogel Ac22 
The affinity purified fraction isolated from the sonicated 
Triton pellet as described in Fig. 2A above was further char- 
acterized by chromatography on Ultrogel Ac22. For compar- 
ison  the  aftinity-purified GPIIb  and  III  isolated  from  the 
Triton supernatant  fraction as described in  Fig.  2 B  above 
were similarly analyzed.  As  shown  in  Fig.  4,  the  affinity- 
purified Triton pellet fraction eluted as a  large  peak of 125I 
surface label in the column void volume. SDS PAGE analysis 
indicated that >90% of the GPIIb-III initially present in the 
affinity purified material eluted in  the void volume of the 
AcA22 column. In contrast, when the Triton soluble super- 
natant was analyzed in this way (Fig. 4B), >80% of the total 
GPIIb-III present eluted with a Stokes radius of about 61 A, 
a value consistent with those reported by Jennings and Phillips 
for the monomeric forms of  GPIIb and III (l 5). The remaining 
20% eluted in the void volume with actin and presumably 
represents incomplete sedimentation of the complexes seen 
in the Triton pellet fraction. 
To rule out the possibility that  this  fraction represented 
undissolved membrane bilayer fragments, we compared the 
buoyant densities of the void volume fraction with those of 
the monomeric fraction. Both forms had apparent buoyant 
densities in CsCl gradients of 1.38-1.40, so they did not differ 
significantly.  In  these gradients,  intact  plasma  membranes 
banded at an apparent density of 1.26. 
These results indicate that the complex between actin and 
GPIIb-III  found  in  the  Triton  pellet  fraction is  large  and 
probably asymmetric,  and  they support  the  idea  that  the 
GPIIb-III is associated with actin in the form of  an asymmetric 
complex. More complete analysis is under way to determine 
the polymerization state of the actin present in the complex 
and the manner in which the GPIIb-III molecules are bound 
to  the  actin.  In  this  regard it  is  interesting that  the  actin 
concentration is well below its critical polymerization concen- 
tration. Its presence in the void volume of the AcA22 column 
implies either that it is bound in the form of monomers to 
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AcA 22. To improve detection sensitivity and to identify any non- 
surface  assessable proteins  that  were  present,  the  two  pooled 
fractions  obtained by affinity purification were iodinated with 1311 
after concentration. (A) ~-MM eluate of the sonicated Triton pellet. 
Most of the GPIIb and III present eluted in the column void volume. 
SDS  PAGE (inset)  shows that this  peak was composed of GPIIb, 
GPIII, and actin,  together with several other components that are 
detected only after iodination. (B) a-MM eluate of original Triton 
supernatant.  More than  80% of the total GPIIb and  III  present 
migrated with an apparent Stokes radius of 61,~; the remainder  was 
present on the void volume (Vo) with actin.  The elution positions 
of fibrinogen (Fbg), ferritin (Fer), and lactate dehydrogenase  (LDH) 
are indicated by the arrows. 
GPIIb-III  aggregates or that it is in a filamentous form that is 
stabilized by the bound glycoprotein. 
Binding of the Isolated  Complex to Rabbit f-Actin 
The above results suggested that the Triton-insoluble form 
of the GPs was able to bind to actin and thus, potentially, to 
the platelet cytoskeleton. In contrast, the fraction of GPIIb- 
III found in the Triton-soluble fraction appeared to be mon- 
omeric even though actin was present in this fraction. In view 
of the  large excess of actin  in  the  membrane extract these 
results suggested that the supernatant GPs are unable to bind 
to actin. To test this directly, the purified complex and the 
monomeric form of GPIIb-III were incubated with filamen- 
tous rabbit actin and the actin was isolated by centrifugation 
in the airfuge. As shown in Fig.  5, in the presence of f-actin 
>90%  of the  complex form binds to the  actin  pellet.  SDS 
PAGE analysis indicated that membrane actin, GPIIb-III,  and 
traces (as judged by its Coomassie Blue staining intensity) of 
a 55,000-mol-wt protein bound to the rabbit actin. The corn- 
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FIGURE 5  Actin binding studies. Aliquots of 1311-labeled  fractions 
obtained from the Ultrogel column were incubated in the presence 
(+) or absence (-) of rabbit skeletal actin filaments as described  in 
Materials  and  Methods. After ultracentrifugation in  the Beckman 
airfuge, the actin pellets were analyzed by SDS PAGE autoradiog- 
raphy.  The  GPIIb-III  associated  with  actin  in  the  void  volume 
fraction (see Fig. 4A) sedimented in an actin-dependent manner 
(compare lanes 1 and 2). In contrast, the monomeric forms of GPIIb 
and III (see Fig. 4B) did not (lanes 3 and 4). The nonsedimenting 
supernatant  profiles  are shown in lanes 5-8 for the pellets  corre- 
sponding to lanes I-4, respectively. 
plex alone did not sediment under these conditions. Further- 
more, GPIIb and III in their monomeric form did not show 
any  appreciable  binding  to  rabbit  actin  even  though  the 
concentration of GPs used was higher than that present in the 
complex. The addition  of enough Ca  2+ to yield a  free Ca  2+ 
concentration  of 2  mM did  not affect the  results obtained 
with either fraction (data not shown). These results show that 
the GPIIb-III  present in the Triton supernatant is unable to 
bind to f-actin under the conditions employed and that the 
binding of the GPIIb-III-membrane  actin complex binding 
to rabbit actin is mediated by the endogenously bound actin. 
Since Ca  2+ is required for heterodimerization of GPIIb and 
III in  vitro  (12,  15,  21,  34),  our  results  suggest  that  the 
interaction of GPIIb-III with actin is controlled by another 
mechanism. Elsewhere we have shown that concanavalin A 
can induce the attachment of GPIIb and III to the platelet 
cytoskeleton by a passive process that is independent of cell 
energy (29), but that requires higher order clustering of  GPIIb- 
III (31).  These results support the possibility that transmem- 
brahe glycoproteins have low affinity sites for actin  which 
when clustered, bind with very high affinity to actin, owing 
to the increased multiplicity of actin binding sites (4). Alter- 
natively, GPIIb-III could interact with actin indirectly. This 
could be  mediated by tightly bound  lipids or a  protein  of 
small molecular weight. Analysis of PMI-1  immunoprecipi- 
tates on  6-20%  gradient gels (Fig.  3 B)  showed only trace 
amounts of a  20,000-mol-wt protein, which is absent under 
nonreducing conditions. This component is very likely the/3- 
subunit of GPIIb, which is disulfide bonded to the larger a- 
subunit  (6).  No  other iodinatable protein bands were seen 
below a  molecular weight  of  10,000.  Given our ability to 
chemically crosslink  actin  to  GPIIb-III with  9-10  A-long bifunctional protein crosslinkers,  we favor a model that does 
not involve a linkage protein.  The possible involvement of 
tightly  bound lipids cannot be excluded at this time and is 
currently  under investigation. 
In summary, the experiments presented in this paper indi- 
cate that GPIIb-III can exist in at least two different biochem- 
ical  states.  One  of these  represents  in  unstimulated  mem- 
branes ~ 10-15 % of the total and binds avidly to endogenous 
and exogenous actin filaments directly  without the apparent 
intervention of a  distinct linkage or anchoring protein like 
ankyrin or spectrin.  The other form of GPIIb and III exists 
in monomeric form (in the presence of EDTA) with some 
heterodimer  present  and  does  not bind  to  actin  filaments 
endogenously present or exogenously added. Presumably,  this 
form represents  that  fraction  of GPIIb-III  recently  isolated 
and thoroughly characterized  by Jennings and Phillips  (15). 
The  biochemical  differences  between  these  two  forms  of 
GPIIb  and  III  that  are  responsible  for  the  differences  in 
binding activity are currently  under investigation. Such anal- 
ysis may yield greater insight into the mechanisms by which 
the cell regulates interactions between these surface receptors 
for fibrin and the contractile apparatus of the cell. 
The authors  acknowledge Dr. Mark  Ginsberg and Dr. Bruce Jacobson 
for their comments on the manuscript and their help throughout 
these studies. 
This work was supported by National Institutes of Health grants 
HLI6411,  AI17354, and  RR00833.  Dr.  Painter is a  recipient of 
National Institutes of Health career development award AM-00437. 
Received for publication  11  June  1984, and  in  revised form  13 
September 1984. 
REFERENCES 
1.  Barber,  A. J., and G. A. Jameison.  1970.  Isolation  and eharac~rization of plasma 
membranes from human blood platelets. J. Biol.  Chem. 245:6357-6365. 
2.  Bennett,  V., and P. J. Stenbuck.  1979. The membrane attachment protein for spectrin 
is associated  with band 3 in human erythrocyte membranes. Nature (Lond.).  280:468- 
473. 
3.  Bourguignon,  L. Y.,andS. J. Singer. 1977.Transmembraneinteractionsandmechanism 
of capping of surface receptors by their specific ligands.  Proc.  Natl.  Acad.  Sci.  USA. 
74:5031-5035. 
4.  Brandts,  J. F.,  and B. S. Jacobson.  1983. A general mechanism for transmembrane 
signalling based on clustering  of receptors.  Surv.  Synth. PathoL  Res. 2:107-114. 
5.  Carraway, C. A. C., G. Jung, and J. L  Carraway. 1983. Isolation  of actin-containing 
transmembrane complexes from ascites  adenocarcinoma sublines  having mobile and 
immobile receptors.  Proc. Natl. Acad.  Sci.  USA. 80:430-434. 
6.  Clemetson, K. J., A. Capitanio, and E. F. Luscher.  1979. High resolution  two-dimen- 
sional gel electropboresis  of the proteins and glycoproteins  of human blood platelets and 
platelet  membranes. Biochem.  Biophys.  Acta.  553:11-24. 
7.  Condeclis,  J. S.  1979. Isolation  of ConA caps during various stages of formation and 
their association  with actin and myosin. J. Cell Biol.  80:751-758. 
8.  Cooper, J. A., and T. D.  Pollard.  1982. Methods to measure actin polymerization. 
Methods Enzymol. 85:182-210. 
9.  Elgsater, A., and Branton, D. 1974. lntramembrane particle aggregation in erythrocyt¢ 
ghosts. I. The effects of proteinremoval. J. Cell Biol. 63:1018-1036. 
10.  Flanagan, J., and G. L. E. Koch. 1978. Cross-linked  surface lg attaches to actin. Nature 
(Lond.). 273:278-281. 
I I. Fox,  J. E. B., and D. R. Phillips.  1982. Role of phosphorylation in mediation of the 
asso~ation of myosin with the eytoskelctal structures of human platelets. J. Biol. Chem. 
257:4120-4126. 
12.  Fujimura, K., and D. R. Phillips.  1984. Calcium cation regulation  of glycoprotein  lib- 
Ilia complex formation in platelet plasma membranes.  J. Biol. Chem. 258:10247-10252. 
13.  Hawkes, R., E. Hiday, and J. Gordon. 1982. A dot-immunoblotting assay for mono- 
clonal and other antibodies.  Anal. Biochem.  I 19:142-147. 
14.  Howe, C. L., and M. S. Mooseker.  1983. Characterization of the 110-kdalton  actin-, 
calmodulin-, and membrane-binding  protein from microvilli of intestinal epithelial cells. 
J. Cell Biol.  97:974-985. 
15. Jennings, L. K., and D. R. Phillips.  1982. Purification  of glycoproteins  lib and Ill from 
human platelet  plasma membranes and characterization of a calcium-dependent glyco- 
protein llbqll complex. Z  Biol.  Chem. 257:10458-10466. 
16. Jesaitis,  A. J., J. R. Naemura, R. G. Painter,  L  A. Sklar, and C. G. Cochrane. 1982. 
The fate of N-formyl chemotactic peptide receptors in  human granulocytes.  J.  Cell 
Biochem.  20:177-191. 
17. Jesaitis,  A. J., J. R. Naemura, L. A. Sldar, C. G. Cochrane, and R. G. Painter.  1984. 
Rapid modulation of N-formyl chemotactic peptide receptors on the surface of human 
granulocytes:  formation of slowly dissociating  ligand-receptor  complexes in transient 
association  with the cell cytoskelcton.  J. Cell Biol.  98:1378-1387. 
18. Jung, G., R. M. Helm, C. A. C. Carmway, and K. L. Carraway. 1984. Mechanism of 
concanavalin A-induced anchorage of the major surface glycopmteins to the submem- 
brane cytoskeleton  in  13762  ascites  mammary adenocarcinoma cells.  J.  Cell Biol. 
98:179-187. 
19.  Koch, G. L. E. 1981. The anchorage of cell surface receptors to the cytoskeleton.  Syrup. 
Second Int. Congr.  Cell Biol,  Berlin.  H. G. Schweiger, editor.  Springer-Verlag,  Berlin. 
321. 
20.  Koppel, D. E., Shcetz, M. P., and Schindler, M. 1981. Matrix control of  protein diffusion 
in biological membranes. Proc. Natl. Acad.  Sci.  USA. 72:3576-3580. 
21.  Kunicki, T. J., D. Pidard, J. R. Rosa, and A. T. Nurden. 1981. The formation of Ca  ++- 
dependent complexes of platelet  membrane glycoproteins  1  lb and I l la in solution  as 
determined by crossed immunoelectrophoresis. Blood.  58:268-278. 
22.  Laemmli, U. K. 1970. Cleavage of structural proteins during assembly ofth  e head of 
bacteriophage  T4. Nature (Lond.). 227:680-685. 
23.  Luna, E. J., V. M. Fowler, J. Swanson, D. Branton, and D. L. Taylor. 1981. A membrane 
cytoskeleton  from Dictyostelium  discaideum.  I. Identification  and partial characteriza- 
tion of an actin binding activity. J. Cell Biol.  88:396-409. 
24.  McGregor, J. L., K. J. Clemetson, E. James, T. Greenland, and M. Dechavanne. 1979. 
Identification  of human platelet  glycoproteins  in SDS polyacrylamide gels using  t25I- 
labelled lectins.  Thromb.  Res.  16:825-831. 
25.  Mescber, M. F., M. J. L. Jose, and S. P. Balk.  1981. Actin-containing matrix associated 
with the plasma membrane of routine tumor and lymphoid cells.  Nature  (Lond.). 
289:139-144. 
26.  Nachman, R. L. 1982. Platelet membrane protein interactions  in hemostasis.  In Differ- 
entiation and Function of Hematopoietic Cell Surfaces. V. T. Marchesi and R. C. Gallo, 
editors.  Alan R. Liss Inc., New York. 213. 
27.  Nicholson,  G. L., and R. G. Painter.  1973. Anionic sites of human erythrocyte mem- 
branes. II. Anti-spectrin-induced transmembrane aggregation  of the binding sites for 
positively charged colloidal  particles. J. Cell Biol.  59:395-406. 
28.  Oliver,  J.  M., R.  Lalchandani, and E.  L  Becket.  1977. Actin redistribution  during 
concanavalin A cap formation in rabbit neutrophils.  J. Reticuloendothel.  Soc.  21:359- 
364. 
29.  Painter,  R.G.,W.Gaarde, and M. H.Ginsberg. 1985. Direct evidence for the interaction 
of platelct  surface membrane proteins,  GPIIb and Ill, with cytoskeletal  components: 
protein crosslinking  studies. J. Cell. Biochem.  In press. 
30.  Painter,  R. G., and M. H. Ginsberg. 1984. Centripetal myosin redistribution  in throm- 
bin-stimulated  platelets:  relationship  to  platelct  factor 4  secretion.  Exp.  Cell Res. 
155:198-212. 
31.  Painter,  R. G., M. H. Ginsberg, and B. Jaques. 1982. Concanavalin A induces interac- 
tions between surface glycoproteins  and the platelet  cytoskelcton.  J. Cell Biol.  92:565- 
573. 
32.  Phillips,  D.  R.,  and  P.  P.  Agin.  1977. Platelct  membrane defects  in  Glanzmann's 
thrombasthenia. Evidence for decreased  amounts of two major glycoproteins.  J. Clio. 
Invest.  60:535-545. 
33.  Phillips, D. R., and P. P. Agin. 1977. Platelet plasma membrane  glycoproteins,  Evidence 
for the presence of non-equivalent disulfide  bonds using  nonreduced-mduced two- 
dimensional gel eiectrophoresis.  J. Biol.  Chem. 252:2121-2126. 
34.  Phillips, D. R., and A. K. Baughan.  1984. Fibrinogen  binding to human platelet plasma 
membranes: identification  of two  steps  requiring divalent cations.  J.  Biol.  Chem. 
258:10240-10246. 
35.  Phillips, D. R., L. K. Jennings, and H. H. Edwards.  1980. Identification  of membrane 
proteins mediating the interaction of human platelets. J. Cell Biol.  86:77-86. 
36.  Schlessinger, J., D. E. Koppel, D. Axelrod, K. Jacobson, W. W. Webb, and E. L. Elson. 
1976. Lateral transport on cell membranes: mobility of convanavalin A receptors on 
myoblasts.  Proc. Natl. Acad.  Sci.  USA.  73:2409-2413. 
37.  Schreiner,  G. F., K. Fujiwara,  T. D. Pollard,  and E. R. Unanue. 1977. Redistribution 
of myosin accompanying capping of surface If,. J. Exp. Med.  145:1393-1398, 
38.  Shadle,  P. J., M. H. Ginsberg, E. F. Plow, and S. H. Barondes.  1984. Platelet-collagen 
adhesion:  inhibition  by a monoclonal antibody that binds glycoprotein  lib. J. Cell. Biol. 
99:2056-2060. 
39.  Shcetz,  M.  P.,  M.  Schindier,  and D.  E.  Kopp¢l.  1980.  Lateral mobility of integral 
membrane proteins is increased  in spherocytic  erythrocytes.  Nature (Lond.).  285:510. 
40.  Sheltedine,  P.,  and C.  R.  Hopkins.  1981. Transmembrane linkage  between surface 
glycoproteins  and components of the cytoplasm in neutrophil leukocytes.  J. Cell Biol. 
90:743-754. 
41.  Spudich,  J. A., and S. Watt. 1971. The regulation  of rabbit skeletal muscle contraction. 
1. Biochemical  studies  of the interaction of the tropomyosin-truponin complex with 
actin and proteolytic  fragments of myosin. J. Biol.  Chem. 246:4866-4971. 
42. Tangen, O., H. J. Berman, and P. Marfey.  1971. Gel filtration--a new technique for 
separation of blood platelets from plasma. Thromb.  Diath.  Haemorrh.  25:268-278. 
43.  Tobias,  P. S., K. P. W. J. McAdam, and R. J. Ulevitch. 1982. Interactions of bacterial 
lipopolysaccharide  with acute-phase rabbit serum and isolation  of two forms of rabbit 
serum amyloid A. J. lmmunol.  128:1420-1427. 
44.  Towbin, H., T. Staehelin,  and J. Gordon.  1979. Electrophorctic  transfer of proteins 
from polyacrylamide gels to nitrocellulose  sheets:  procedure and some applications. 
Proc. Natl. Acad.  Sci.  USA.  76:4350-4354. 
45.  Vale, R. D., and E. M. Shooter.  1982. Alteration of binding properties  and cytoskeletal 
attachment of nerve growth factor receptors in PC I2 cells by wheat germ agglutinin.  J. 
Cell Biol.  94:710-717. 
RAPID COMMUNICATIONS  657 